Summary.
Canine taste buds were observed by transmission electron microscopy with special reference to the gustatory cell function. The cells forming the taste bud were divided into five types: four of these corresponded to the previously reported Types I, II, III and IV (basal cell); another type, a slender, immature-looking cell located at the outermost layer, was identified as the peripheral cell known in the rat. The Type I cell was supportive in nature, located between other cell types and enveloping nerve fibers. This cell apically secretes dense mucous substances.
The Type II cell was in broad contact with nerve fibers and constantly contained a subsurface cistern beneath them. In the dog, this cell was characterized by a large supranuclear Golgi apparatus. The Type III cell was, as in other animals, regarded as the gustatory cell since it made synaptic contacts with nerves and contained synaptic vesicles. Numerous large cored vesicles were intermingled with some small clear vesicles. In addition to accumulating to the synaptic areas, the vesicles often filled the base of the cell, which was irregularly thickened, showing a more or less extensive contact with the basement membrane. In this area, numerous large cored vesicles approached the cell base. Blood capillaries close to the base of the taste bud were fenestrated in the endothelium. These findings supported a hypothesis that the transmitters may be released from the base of the gustatory cell and possibly exert paracrine and endocrine (hemocrine) effects. The salivary gland of Ebner was suggested as one such target.
The nerve terminals on the Type III cell also contained synaptic vesicles, suggesting a reciprocal nature of the synapses.
The Type IV cell was the immature basal cell which has been established in other species; mitosis could be seen in this cell.
Previous electron microscope studies on mammalian taste buds have investigated the rat (TAKEDA and HOSHINO, 1975) , mouse (TAKEDA, 1976) , guinea pig (YOSHIE et al., 1990) , rabbit (MURRAY et al., 1969) and monkey (MURRAY and MURRAY, 1960; FARBMAN et al., 1985) as well as humans (PARAN et al., 1975) . Extensive studies by MURRAY et al. (1969) mainly in the rabbit provided basic knowledge on the fine structure of the taste bud consisting of four different types of cells in this species; this classification of the bud cells into four types was supported by later authors in the rat (TAKEDA and HOSHINO, 1975) , guinea pig (YOSHIE et al., 1990) , monkey (FARBMAN et al., 1985) and humans (PARAN et al., 1975) .
Recent studies by YOSHIE and associates (1990) proposed more precisely and comprehensively than previously a description of the cell composition in the mammalian taste bud by comparatively studying the rat, mouse, guinea pig, rabbit and cat. According to their description, the taste bud is composed of the four different cell types: Type I represents a supportive element and apically secretes the taste pit substance; Type II associates with nerves and possesses a subsurface cistern, but is devoid of synaptic granules; Type III forms typical synapses with nerves and contains synaptic vesicles; and Type IV is immature in fine structure and well known as the basal cell. In agreement with previous authors (MURRAY et al., 1969; PARAN et al., 1975; TAKEDA and HOSHINO, 1975; TAKEDA, 1976; TAKEDA et al., 1981) , YOSHIE et al. (1990) determinated that the Type III cell is the gustatory cell. They further demonstrated that synaptic vesicles in this cell were mainly of a largecored, i.e., peptidergic type, in contrast to the previous view (TAKEDA and HOSHINO, 1975; TAKEDA, 1976) that gustatory synaptic vesicles were essentially of the small clear type.
The present paper concerns the taste bud of the dog. The dog, with numerous taste buds on the tongue, is suitable both for morphological investigation and physiological study on the taste sensation. The dog is sensitive to sweetness unlike the cat which lacks in this sense (CARPENTER, 1956) . In spite of these features of the dog conductive toward studies on taste sensation, the taste buds of this animal seem to have been largely omitted from research work with electron microscopy. This paper therefore aims to demonstrate the fine structure of the taste bud in canine circumvallate papillae with special reference to the gustatory (Type III) cell. Attention will be given to the synapses of this cell as well as its peptidergic-type granules, which are so unusually abundant that they were suspected of a role other than being solely involved in the synaptic transmission.
A peripheral cell reported by FARBMAN (1965a, b) in the rat, which has not been dealt with by Y0sHIE et al. (1990) , will also be examined with regard to its occurrence and fine structure in the dog.
MATERIALS AND METHODS
Adult male mongrel dogs weighing 6-12 kg were used in this study. The animals were anesthetized with an intramuscular injection of ketamin hydrochloride (0.2ml/kg) and an intraperitoneal injection of pentobarbital sodium (0.5ml/kg). The tongue was removed and pieces containing circumvallate papillae were excised to be fixed overnight in a solution containg 2.5% glutaraldehide and 1 % paraf ormaldehide (0.05M sodium cacodylate buffer, pH 7.3) at room temperature. After being rinsed in the buffer, the specimens were post-fixed in 2% osmium tetroxide in the buffer for 2h, dehydrated through a graded ethanol series and propylene oxide, and embedded in Araldite resin. Semithin sections were cut at a thickness of 1pm and stained with toluidine blue for observation with a light microscope. Ultrathin sections were cut on a Reichert Ultracut-N ultramicrotome with a diamond knife, double stained with uranyl acetate and lead citrate, and examined in a Hitachi H-7000 electron microscope.
RESULTS

Light microscopic observations
The canine circumvallate papillae count two or three on either side along the terminal sulcus on the root of the tongue. They measure 2-3mm in diameter. A perpendicular section of the papilla revealed taste buds studded on its lateral wall and on the epithelial wall opposite to it, though less numerously.
The taste buds, measuring approximately 40pm in length and 30pm in width, were barrel-or spindleshaped, and possessed one or occasionally two taste pores. The base of the bud was associated with numerous nerve fibers. Cell nuclei mostly occupied a level slightly basal to the middle height in the taste bud. Sections transversely hitting this nuclear level of the bud generally indicated that around 20 cells composed a taste bud; the largest number reached 40.
A description of the light microscopic features of the nuclei and cytoplasm of the cells composing the canine taste bud will be omitted here, as this offers little information concerning the cell types and their functions.
Electron microscopic observations
Under the electron microscope, the taste bud of the dog comprised five types of epithelial cells. Four of them essentially corresponded in fine structure to the previously reported cell types (in the rabbit, MURRAY et al.,1969; in the rat, TAKEDA and HOSHINO,1975; in the mouse, TAKEDA, 1976 ; in the guinea pig, YOSHIE et al., 1990) . We could further identify peripheral cells on the border of the taste bud, whose fine structure roughly corresponded to that depicted by FARBMAN (1965a, b) in the rat.
As indicated in transverse sections of taste buds, Type I cells tended to be localized in the outermost layer of the taste bud, whereas Types II and III, in its core; a few of the latter cells were found peripherally. Near the equatorial level, cells which were still more slender and less electron-dense than Type I cells were ocassionally recognized; they were identified as peripheral cells.
Type I cell
The Type I cell could easily by identified as such by its high electron density both in the nucleus and cytoplasm as well as by its possession of large, dark granules in the apical cell portion. The cell was spindle-like in shape, tapering towards both the apex and the base. The apex of the cell repeatedly branched to end over an extensive area. The nerve profiles counted 2-5 per section and occasionally covered the entire basal half. The cell characteristically formed an extensive layer of subsurface cisterns beneath its contact with the nerve. The cisterns comprised a flattened sac of smooth-surfaced membrane with a clear lumen apparently containing no visible substances. The distance between the plasma membranes of the Type II cell and those of the nerve measured approximately 20nm. No vesicular or granular elements possibly corresponding to synaptic vesicles could be identified on either side of the cleft of both elements.
The Type II cell further was characterized by its large oval nucleus lacking an indentation of the nuclear membrane. The nucleus was markedly electronlucent and seldom showed a nucleolus. Sparse chromatin granules were either gathered to the nuclear membrane or dispersed in the karyoplasm.
The supranuclear region contained well-developed Golgi complexes. In their periphery were numerous and conspicuous vesicular elements (30-80nm in diameter) which appeared to have been produced from the complexes. Mitochondria, round and smooth in contour, were gathered around the nucleus. Free ribosome, and lysosomes were recognized in moderate amounts. Occasionally lipid droplets could be found at different sites of the cytoplasm.
Type III cell
The Type III cell, occupying only about 5% of the cellular elements in a taste bud, was spindle shaped and intermediate in electron density between the Type I and Type II cells.
The cell apex extruded without branching into the taste pore space as a tapered column of the cytoplasm. This column (taste hair) again was filled with filament bundles. The taste hair was usually surrounded by microvillous processes extending from the Type I and Type II cells. The base of the Type III cell was irregularly thickened, showing a generally extensive contact with the basement membrane. The nucleus of the Type III cell was usually located below the middle level of the taste bud; its shape was longitudinally elongated. In sections, it revealed a smooth oval contour without marked indentations. A well-developed nucleolus was often recognized.
The most important and decisive criterion of the Type III cell was its association with nerves in a typical synaptic ultrastructure characterized by an assemblance of synaptic vesicles. Not only single, but at times two, three or even more profiles of synapses could be counted either in a longitudinal or in a transverse section of a Type III cell. They were usually in the basal half of the cell, but occasional Canine Taste Bud   541 was small. The nervous element of the synapsis was represented by a more or less swollen electron-lucent axoplasm containing moderate amounts of microtubules and mitochondria.
Noteworthily, the nerve terminal constantly revealed a considerable number of small clear vesicles, 30nm in diameter, part of which were gathered close to the postsynaptic membrane.
Also, for the synaptic vesicles in the Type III cell, it was usual that the large cored vesicles occurred numerously not only in the vicinities of the synapses, but also in remote portions of the cytoplasm which apparently were not related to any of the synapses. Often the large granular vesicles filled up the basal and frequently also paranuclear cytoplasm of the cell. Considerable numbers of the vesicles could be seen even supranuclearly, though they were rare in the apical cytoplasm. At the cell base, the large granular vesicles were usually concentrated towards the basal plasma membrane, some of them closely approaching it.
The Golgi complexes of the Type III cell were located in the supra-and paranuclear cytoplasm, but occasionally also infranuclearly.
The convex trans aspect of the well-developed Golgi complexes revealed darkly cored vesicles, suggesting the formation at this place of the cytoplasmic vesicles mentioned above. The Golgi complexes were usually surrounded by electron dense mitochondria, ovoid or elongate in profile, as well as cisterns of rough endoplasmic reticulum, both being dispersed also in other portions of the cell. Smooth endoplasmic reticulum was found to be well developed in the Type III cell. Its sack-like and tubulovesicular profiles were mainly extended longitudinally in the cell.
A few lysosomes and multivesicular bodies were seen in the basal cytoplasm, mainly intermingled with the large cored vesicles. A multivesicular body was sometimes surrounded by small clear vesicles; its limiting membrane could be found fused with that of the vesicles.
Abundant intermediate filaments extended from the inf ranuclear area to the cell base. These were extensions of the filaments of desmosomes, which were numerously developed on the apical, middle and basal boundaries of the cell against adjacent cells. The Type III cell usually was juxtaposed by either a Type I or a Type II cell. Occasionally, however, it was juxtaposed by another Type III cell. In such a case, one and the same nerve fiber could often be found to form synapses with either of the Type III cells.
Type I V cell (Basal cell)
The basal cell could be seen in the basal and basolateral portion of the taste bud. It occurred sparsely, often lacking in a section. The cell was rounded in shape, failing to reach the apex of the taste bud. The nucleus was large in size as compared with the cytoplasm, located at the cell center, and often showed a marked indentation. A moderate nucleolus could be seen at the nuclear center. Fine chromatin granules were evenly dispersed in the karyoplasm. Occasionally a mitotic figure could be seen in this cell. The electron-lucent cytoplasm contained abundant ribosomes, which characterized this cell type. Filaments were moderately disposed in the cytoplasm. Cell organelles were few and inconspicuous: elements of rough endoplasmic reticulum and small, round or elongate mitochondria were sparsely dispersed in the cytoplasm. Golgi complexes were only poorly developed.
The Type IV cell was often juxtaposed or even surrounded by nerves, but never formed a synapse with them.
Peripheral cell
Cells of this type were disposed at the outermost layer of the taste bud, forming a boundary against the squamous epithelial cells surrounding the taste bud. They were spindle-shaped cells extended longitudinally, thus resembling the Type I cells. However, they differed from the latter in reaching neither the apex nor the base of the bud and in possessing very electron-lucent cytoplasm. Furthermore, they contained none of the apical granules of the Type I cells.
The nucleus was large and oval, showing a smooth nuclear envelope. The karyoplasm was low in electron density, with sand-like chromatin granules.
The cytoplasm contained numerous free ribosomes evenly dispersed in the cell. A few small cisterns of rough endoplasmic reticulum could be found surrounding the nucleus, with an inconspicuous filamentous structure extended around it. Some small oval profiles of mitochondria were dispersed. A few small lysosome-like bodies were occasionally recognizable. A structure corresponding to a Golgi complex was rarely found.
Further observations
Macrophages and lymphocytes were occasionally encountered within the taste bud. The former often revealed phagosomes which seemed to represent debris of phagocytosed taste bud cells.
The connective tissue directly beneath the taste bud frequently contained macrophages, lymphocytes, Blood capillaries often approached the base of the taste bud. The endothelium (thickness: 50-100nm) of these capillaries was fenestrated in type, the diameters of the f enestrations ranging between 50 and 60 nm. A diaphragm regularly crossed the fenestrations.
DISCUSSION
The fine structure of the taste bud in canine vallate papillae essentially corresponds to that previously recorded in various mammals (for species and references, see Introduction). The cells forming the taste bud have been divided in this paper into four types: Types I, II, III and IV (basal), according to previous literature (MURRAY et al., 1969; PARAN et al., 1975; TAKEDA and HOSHINO, 1975; TAKEDA, 1976; TAKEDA et al., 1981; YOSHIE et al., 1990) . In canine vallate papillae, another type of cell could be identified at the outermost layer of the taste bud. This cell corresponded to the "peripheral cell" demonstrated and designated by FARBMAN (1965a, b) in the rat both in its location and its immature fine structure. In some fine structures, however, this cell in the dog differed from the peripheral cell depicted by FARBMAN.
Type I cells
The Type I cell, located between other cell types, is apparently supportive in function. It likely plays a Schwann cell-like role, embracing nerve fibers running in the bud. The cell is actively concerned in taste sensation by secreting electron dense mucous substances from its apical end (OHMURA et al., 1989) . These have been suggested to be essential for the sorting and/or transport of taste substances (see the review by REUTTER and WITT, 1993) . Several authors have proposed that the Type I cell phagocytoses other degenerated cells occurring in both normal and experimentally denervated taste buds (FARBMAN, 1969; FUJIMOTO and MURRAY, 1970; KONDO, 1983; FARBMAN et al., 1985; see also GUTH,1971; MURRAY, 1986) . On the other hand, YOSHIE et al. (1990) could not find any signs of a phagocytotic activity in the guinea pig Type I cell, and suggested that macrophages phagocytose and eliminate degenerated bud cells. The present results in the canine taste buds support the view that a phagocytotic role is played not by the Type I cell but by immigrating macrophages.
Type II cells
The Type II cell likely represents an unknown sensor cell due to its specific connection to nerve endings. The nature of this cell is enigmatic as it lacks, in contrast to the recent view by REUTTER and WITT (1993) , structures deserving to be called synaptic vesicles. The present study revealed that the Type II cell lies in broad contact with nerve fibers and contains a subsurface cistern in the cytoplasm beneath the contacting zone. A similar subsurface cisten has been reported in other mammalian taste buds (rat, FARBMAN 1965a , AKISAKA, 1980 rabbit, FUJIMOTO and MURRAY, 1970; MURRAY, 1971 MURRAY, , 1986 mouse, TAKEDA, 1976; ROYER and KINNAMON,1988; monkey, IDE and MUNGER,1980; guinea pig, YOSHIE et al., 1990) . The occurrence in this cell type of the subsurface cistern, the fine structure reminiscent of the outer hair cell in the cochlea (SMITH and SJOSTRAND, 1961 ; SAITO, 1980; SAITO and HAMA,1984; SIMMONS and LIBERMAN, 1988) , suggests the possibility that the cell might receive an efferent projection from nerves (FUJIMOTO and MURRAY, 1970; TAKEDA, 1976; AKISAKA, 1980; IDE and MUNGER, 1980; YOSHIE et al., 1990) . YOSHIE et al. (1990) pointed out that in the guinea pig, the Type II cell is characterised by an extensive smooth endoplasmic reticulum forming concentric circles or parallel lamellae along the longer axis of the cell. The present study in the dog did not demonstrate such concentrations of smooth endplasmic reticulum, but only showed a well developed Golgi apparatus and numerous vesicular elements associated with it. The functional significance of either the large accumulation of smooth endoplasmic reticulum or the Golgi structure in this cell type remains to be investigted.
Type III cells
The present study confirms that the Type III only is the convincing candidate for the gustatory cell. The fine structure of the synapses of canine Type III cell raises following problems, however.
First, the synapses here are regarded as reciprocal in nature, because both the sensor cell and the nerve ending possess synaptic vesicles. This morphological finding corresponds to previous data on gustatory cells of other species (MURRAY et al., 1969; PARAN et al., 1975; TAKEDA and HOSHINO, 1975; TAKEDA, 1976; TAKEDA et al., 1985; FARBMAN et al., 1985; YOSHIE et al., 1990; ROYER and KINNAMAN, 1991) as well as to those in other types of sensory paraneurons: inner ear hair cells, bronchopulmonary paraneurons, carotid body chief cells and Merkel cells (for references, see FUJITA et al., 1988) . The significance of transmission from the nerve to the gustatory cell is obscure; at the least, a trophic effect which might be exerted from the former to the latter may be considered.
The second problem concerns the nature of the synaptic vesicles of the gustatory cell. Previous records indicate that in certain animals, including the rat and mouse, they are dominated by small clear vesicles (rat, TAKEDA and HOSHINO, 1975; mouse, TAKEDA, 1976) , but in others, including the guinea pig and rabbit, by large cored vesicles (rabbit, MURRAY et al., 1969; guinea pig, YOSHIE et al., 1990) . Cat gustatory cells also possess numerous large cored vesicles (YOSHIE, unpublished data) . The dog belongs to the latter group as the present study indicates that these vesicles comprise an overwhelming majority. As emphasized by YOSHIE et al. (1990) , these vesicles are nothing but peptidergic granules shared by neurons and paraneurons. It is therefore desired that a bioactive peptide or peptides might be identified as the contents of these vesicles, i.e., as the transmitter(s) of the gustatory cell. The contents of the small clear vesicles have also remained undetermined.
A third point is the conspicuous accumulation of the large cored vesicles over an extensive portion of the gustatory cell. This abundancy could not be accounted for only by their role in the synaptic transmission. In our preliminarily study, when we gave taste stimulations of different kinds (sucrose, monosodium glutamate, etc.) to canine vallate papillae, a few minutes later we could find large cored vesicles of the gustatory cell approaching not only the synaptic membrane but also the basal and lateral plasma membrane, even revealing images suggesting exocytotic release of their contents. This finding, together with similar results obtained by YOSHIE et al. (1991) in the guinea pig, supports the hypothesis that the vesicles in question are involved not only in synaptocrine, but also in paracrine/endocrine functions. The present observations that the contents of the large cored vesicles are likely released at the lateral and basal aspects of the cell deserve special attention. The lateral release of secretions seems to suggest a paracrine regulation by the gustatory cell of adjacent cells in the bud. The basally released secretions may exert paracrine effects upon further elements located subepithelially. One hypothesis may be that gustatory cells exert stimulatory effects upon Ebner's glands distributed in the vicinity (YOSHIE et al., 1991) . The reflective secretion of saliva from the named glands, which is believed essential to remove taste substances immediately after they have been sensed, may be accounted for by this paracrine mechanism. Furthermore, the possibility of the endocrine (hemocrine) transport of the gustatory cell secretions is supported by our present observation that capillaries close to the base of the taste bud are f enestrated in the endothelium, as is the case in various endocrine glands.
Type IV cells (Basal cells)
The Type IV cell (basal cell), located at the basolateral margin of the bud, never extended apically to the taste pit, unlike other Type I, II and III cells. The cytoplasm contained poorly developed cell organelles, though free ribosomes were numerous. In rare cases, basal cells may be mitosis (MURRAY et al., 1969; PARAN et al., 1975; ROYER and KINNAMON, 1988) . FUJIMOTO and MURRAY (1970) described the earliest appearing cells in regenerating rabbit taste buds as resembling the basal cells.
The Type IV (basal) cell observed in the present study of the canine taste bud corresponded in both localization and structure to previous findings on the cell in other species, and a mitotic figure could be seen in this cell. It is therefore reasonable that the Type IV (basal) cell is the precursor of other bud cells.
Peripheral cells FARBMAN (1965a, b) reported the occurence of peripheral cells in the rat taste bud. According to FARBMAN, the cells are distributed in two to four layers on the lateral side of the bud in its lower two-thirds. The outermost layer of the cells rests on a basement membrane. The cells contain a flattened, relatively dense nucleus, usually with one or more nucleoli. The cytoplasm contains numerous free ribosomes. There is only an occasional profile of rough endoplasmic reticulum and Golgi apparatus.
Short, rod-shaped mitochondria are present. Small bundles of characteristic filaments are scattered in the cytoplasm. In his study on the developing rat taste bud, FARBMAN (1965b) suggested that the peripheral cells shifted centripetally and were then associated with intraepithelial nerve fibers to be designated the basal cells, which differentiated further into more advanced forms.
The peripheral cell observed in the present study on the canine taste bud essentially corresponds to that in the rat depicted by FARBMAN (1965a, b) in its localization and fine structure.
Some differences, however, can be found. First, the peripheral cells in the canine taste bud form a single layer, and the outermost layer of the cells does not rest on a basement membrane. Second, the cells contain a flattened but relatively light nucleus, usually lacking a nucleolus. The filamentous structure in the canine bud occurs less frequently.
The peripheral cell has been suggested by FARBMAN (1965a, b) to represent the most immature cell, to then be differentiated into the basal and other cell types. Mitotic figures, as have been previously known (DELAY et al., 1986) , were demonstrable in the basal cells also in the present study. It seems possible, however, that the peripheral cell might represent a cell at a stage before this mitotic division. At any rate, the existence and possible function of the peripheral cell remain to be investigated in future studies of the taste bud.
